To determine the event-free survival (EFS) and overall survival (OS) of children with very low risk Wilms tumor (VLRWT) treated with surgery only. Background: Previous studies suggested that postoperative chemotherapy had not improved the prognosis of children with VLRWT. A total of 77 children Ͻ24 months of age with small (Ͻ550 g) Stage I favorable histology Wilms tumors were treated with surgery only. This study was closed based on stopping rules to ensure that the 2-year EFS was Ն90%. Methods: A total of 77 children were assessed for EFS and OS. Of these patients, 21 enrolled at the time of closure were recalled, treated with dactinomycin and vincristine (regimen EE4A), and censored for analysis thereafter. About 111 children subsequently treated with EE4A were available for comparison. Results: Median follow-up of surviving patients was 8.2 years for surgery only (range, 1.9 -11.8 years) and 5.2 years for the EE4A group (range, 1.6 -8.9 years). The estimated 5-year EFS for surgery only was 84% (95% confidence interval ͓CI͔: 73%, 91%); for the EE4A patients it was 97% (95% CI: 92%, 99%, P ϭ 0.002). One death was observed in each treatment group. The estimated 5-year OS was 98% (95% CI: 87%, 99%) for surgery only and 99% (95% CI: 94%, 99%) for EE4A (P ϭ 0.70).
Conclusion:
The surgery-only EFS was lower than anticipated but, coupled with a much higher than anticipated salvage rate of the chemotherapy naive patients whose disease recurred, led to an observed long-term OS equivalent to that seen with 2-drug chemotherapy. This approach to the treatment of patients with VLRWT eliminates the toxic side-effects of chemotherapy for a large majority of patients. A follow-up study is underway to confirm these findings.
(Ann Surg 2010;251: 555-558)
A nalysis of both single institution studies and those of the National Wilms Tumor Study Group (NWTSG) suggested that a cohort of children under 24 months of age with a stage I favorable histology Wilms tumor with a specimen weighting less than 550 g may not benefit from adjuvant chemotherapy. These findings led the investigators of the NWTSG to test the hypothesis, in NWTS-5, that the omission of adjuvant chemotherapy would not compromise long-term survival in children with very low risk Wilms tumors (VLRWT). Stringent stopping rules were designed to ensure closure of the study if the 2-year relapse-free survival rate was 90% or lower. The expectation was that approximately 50% of the surgery only children would be salvaged after recurrence thus attaining the 95% predicted survival of children with VLRWT treated with standard chemotherapy according to regimen EE4A (vincristine and dactinomycin). This study was discontinued on June 14, 1998 when the predicted 2-year event-free survival (EFS) fell below 90%. 1 This report provides an analysis of the long-term survival of this cohort of children and compares them with a subsequent near concurrent cohort. The latter was enrolled in the NWTS-5 study after the "surgery only" arm was terminated and received standard EE4A chemotherapy.
MATERIALS AND METHODS
Patients available for analysis included those with VLRWT enrolled on NWTS-5, which was initiated on August 1, 1995. They include those assigned to initial therapy with either surgery only (N ϭ 80) or "EE4A" (vincristine and dactinomycin, N ϭ 112). The NWTS-5 protocol and an informed consent document were approved by the Institutional Review Board of each institution registering patients, and informed consent was obtained from the parents of all patients before participation in this study of nephrectomy-only treatment. The data here reported were current as of May 2008.
Exclusions From the Surgery Only Cohort
Of total, 3 surgery only patients were upstaged on central pathology review to stage 2 and the patients' therapy was changed to EE4A. These infants were not part of the N ϭ 75 cohort included in the previous report of this study by Green et al. 1 The surgery only cohort analyzed here includes 77 patients. There are 4 (4) surgery only patients in this analysis who were not included in the Green et al report. All 4 patients were initially assigned to surgery only, but had treatment with EE4A initiated as part of the recall during June to September 1998. Time from enrollment to start of EE4A for these 4 patients was 0.04, 0.11, 0.19, and 0.23 years. There are 2 patients included in the prior report who are excluded here. One had EE4A mistakenly administered within the first 10 days following surgery in violation of the protocol. The second was "registered too late for study" and thus was ineligible.
Exclusions From the EE4A Cohort
One EE4A patient upstaged to Stage III on central pathologic review and switched to DD4A (doxorubicin, dactinomycin, and vincristine) was excluded from the control group. Thus, this analysis contained a total of 188 patients, 77 surgery only and 111 EE4A patients.
Statistical Considerations
EFS was defined as the time from enrollment to the first evidence of recurrent or metachronous disease or death as a first event. Overall survival (OS) was defined as the time from enrollment to death. Patients without an event were censored at their time of last follow-up. However, we have attempted to gather as much information as possible regarding the event-free and OS associated with the strategy of surgery only. Accordingly, data concerning the 21 surgery only patients were gathered until they were recalled to receive EE4A therapy during the period June to September 1998. The information was censored after they began EE4A treatment.
RESULTS
A total of 77 children with VLRWT were initially assigned to surgery only treatment. As noted above, 21 of the 77 patients were recalled at a median of 0.54 years from enrollment (range, 0.04 -0.87 years) to receive EE4A after the closure of the experimental arm of the study. About 111 infants were initially assigned to EE4A chemotherapy. Median follow-up of patients alive and without censoring for recall was 8.2 years for surgery only (range, 1.9 -11.8 years) and 5.2 years for EE4A (range, 1.6 -8.9 years).
Event-Free Survival
In this study, 11 treatment failures were observed among the 77 patients assigned to surgery only. One of these failures, however, occurred after the patient was recalled to receive EE4A (recalled at 0.85 years; failure ͓contralateral kidney͔ at 2.26 years) and is not included as a surgery only failure in this analysis. Three of the 111 patients initially assigned to EE4A chemotherapy were treatment failures. The analysis failures were distributed as follows for surgery only: lung only (5); operative bed (3); and contralateral kidney (2) . For the EE4A cohort, the failures were lung only (2) and contralateral kidney (1) . Although the total number of relapses is higher in the surgery only group, the patterns of failure seem similar.
The estimated EFS for the 77 patients in the surgery only cohort (with censoring at EE4A recall therapy) was 84% at 5 years (95% confidence interval ͓CI͔: 73%, 91%), with no failures seen after 1.42 years. In contrast, the estimated 5-year EFS for the 111 patients who were assigned to chemotherapy with EE4A was 97% (95% CI: 92%, 99%), with no failures observed after 0.55 years. This difference in EFS was statistically significant (P ϭ 0.002) ( Fig.  1) . Patients on the surgery only study who relapsed were treated as follows. Of the 5 patients with pulmonary metastases, 4 received therapy according to the recommendations of the NWTSG protocol for patients with relapsed Wilms tumor (Pediatric Oncology Group 9444/Children's Cancer Group 4942) and included the child who did not survive. 2 That regimen calls for doxorubicin, dactinomycin, vincristine, and pulmonary radiation. The fifth child was managed with carboplatin/etoposide alternating with ifosfamide/doxorubicin and bilateral pulmonary radiation of 1200 cGy according to a local institutional protocol (Children's Hospital of Los Angeles 91LA-2). 3 The 2 patients with operative bed recurrence were managed using the same NWTSG relapse protocol including doxorubicin, dactinomycin, vincristine, and abdominal radiation. The 3 patients with metachronous contralateral tumors were treated with the same relapsed tumor protocol (2 with vincristine and dactinomycin after having microscopically complete resection of the tumor and the third child was treated with vincristine, dactinomycin, and doxorubicin) and local radiation therapy for gross residual disease. Of the 3 relapsed patients in the EE4A cohort, 1 of the 2 survivors received vincristine, cyclophosphamide, doxorubicin, and whole lung radiation to 1200 cGy. The second received vincristine, doxorubicin, and etoposide but no radiation therapy (ultimately succumbed). The third child received vincristine, dactinomycin, doxorubicin, and no radiation.
Survival
Only one death was observed in each of the 2 treatment groups (1 in surgery only at 4.28 years ͓censoring follow-up for recall therapy, but no deaths censored͔ and 1 in EE4A at 1.15 years). Estimated OS at 5 years is 98% (95% CI: 87%, 99%) for surgery only and 99% (95% CI: 94%, 99%) for EE4A (P ϭ 0.70).
DISCUSSION
In the 1950s, Dr. Sidney Farber et al at Children's Hospital Boston demonstrated the efficacy of dactinomycin in the treatment of children with Wilms tumor. 4 Dr. Farber advocated the use of adjuvant therapy for children with this tumor stating its use is "based upon the supposition that in children with Wilms' tumor who died, the tumor must have metastasized already at the time of discovery of the primary tumor," although no evidence of spread by the means then available was recognized. 5 He went on to state that "The assumption was made that the clinical agent carried throughout the body by the blood stream might destroy small foci of tumor before solid implantation and further growth could take place." Since that time, essentially all children with Wilms tumor have received adjuvant chemotherapy.
The initial identification of a favorable cohort of children with Wilms tumor characterized by age less than 24 months of age, stage I favorable histology and specimen/tumor weight less than 550 g was made by Garcia et al and confirmed by a review of patients treated at Children's Hospital Medical Center in Boston by Cassady et al. 6, 7 Green and Jaffe in a subsequent review of patients treated at the Dana-Farber Cancer Institute and Children's Hospital Medical Center demonstrated the favorable outcome of these children whether they were treated with nephrectomy alone, nephrectomy and abdominal radiation, or nephrectomy, abdominal radiation, and chemotherapy. 8 Analysis of comparable infants treated during NWTS-1 to 3 demonstrated EFS of 89.1%, 96.0%, and 93.2% respectively, outcomes that were not significantly different (P ϭ 0.99). 9 From these data, it was hypothesized that nephrectomy alone was adequate therapy in this select group. Children with these favorable tumors were treated with nephrectomy alone in a small prospective single institution pilot study, ironically at Dr. Farber's own institution. Only one child with hypospadias out of the initially reported 8 and subsequently reported 11 total children developed a metachronous lesion 3 months after resection in the opposite kidney. 10, 11 Pathologic examination of tumors from the cohort of children with stage I favorable histology Wilms tumor treated in the NWTSG studies revealed important data. Their tumors had a very low incidence of those microscopic findings that Weeks and Beckwith reported were associated with a higher risk of recurrence. 12, 13 All of this information led the investigators in NWTS-5 to address the hypothesis that "surgery alone" would not compromise survival expectancy for children with VLRWT. The current analyses update information previously presented by Green et al and provides a "near concurrent" control group treated with EE4A for comparison. 1 The long-term, EFS for the surgery only infants is estimated to be 84% compared with 97% with EE4A. However, nearly all of the patients who recurred after surgery only were successfully treated, yielding 5-year OS of about 98% for both treatment groups. Based on prior reports of children who relapsed after chemotherapy, an estimate of 50% salvage was used when determining the "stopping rule" for the protocol. Fortunately, the chemotherapy naive infants fared much better than predicted. This outcome underscores the importance of weighing both OS and EFS when assessing the results of a trial. The present results demonstrate that EFS is not a surrogate marker for OS in VLRWT patients. This has been shown in other studies of Wilms tumor patients. An analysis of the role of radiotherapy in prevention of flank recurrence in patients with favorable histology Wilms tumor demonstrated that while higher doses up to 20 Gy decreased the incidence of flank recurrence, OS was not improved demonstrating the need to evaluate entire treatment policies with regard to long-term outcomes. 14 The morbidity of therapy must be considered in all treatment decisions and balanced against the documented benefits. Life-threatening sinusoidal obstruction syndrome occurs during the first 10 weeks of treatment in approximately 3.5% of unirradiated children with Wilms tumor. 15, 16 There are also inherent risks to catheter placement including bacteremia and thrombosis as well as the direct and indirect costs for chemotherapy administration and monitoring of the children. 17 Recent results from the Childhood Cancer Survivor Study have shown that 44% of survivors report long-term adverse effects in their health forcing us to increasingly assess the risks of therapy, particularly in cohorts with favorable survival. 18 While the incidence of relapse is higher in the surgery only cohort, the long-term survival in both treatment groups is similar. The balance then becomes the consideration of more intensive therapy and its potential long-term sequelae required for the 16% of children who relapse versus the avoidance of any postoperative chemotherapy in 84% of the children with VLRWT. Continued evaluation of these children treated on cooperative group clinical trials with surgery only will be required to better answer these questions and establish the optimal therapy.
